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METHOD FOR CONCENTRIC ASSEMBLY OF STRUCTURAL ROTOR 
ENCLOSURE ON AN ELECTRICAL MACHINE ROTOR 

BACKGROUND OF THE INVENTION 



,0001] The present invention relates to rotors m 

synchronous -chines. In particular, the invention 

relates to mounting rotor field winding and a field 
winding enclosure on a rotor. 

(0 0<n Conventional generators have rotors with 

retaining rings to support field coil windings mounted on 
the rotor. Each rotor typically includes a cylindrical 
rotor core with axial slots to receive each coil turn of 
the field windings. During assembly, the winding is 
installed turn by turn into the slots of the rotor core. 
Th e field winding is typically assembled while it is 
oeing installed in the slots of the rotor core. The 
.lot. of the rotor receive the layers of the straight 
sections of the race-tracx shaped coil windings. The 
ends turns of the windings extend axially beyond both 
ends of the rotor core. 

[00031 m conventional rotors, retaining rings are 

mounted over the end turns and on the rotor core. The 
retaining rings are short cylindrical structures that 
support the end turns with respect to the centrifugal 
forces that arise during rotor operation. The retaining 
rings are installed on the ends of the rotor core after 
the field windings are installed in the rotor slots. To 
reduce the circumference of the winding assemblies and 
rotor, a belt is wrapped around the winding assemblies to 
pull the winding coils together and eliminate clearances 
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between the coil. During assembly, the metallic 

retaining rings are expanded by heat and then slid over 
the ends of the winding assemblies and rotor core. When 
the rings cool, they shrink to tightly fit on the rotor 
core. At normal operating temperatures, there is no 
clearance between the retaining rings and the end turns 
of the rotor windings . 

BRIEF SUMMARY OF THE INVENTION 

[0004] A need has arisen for new techniques and 

enclosures for field windings on rotor cores. A 
cylindrical rotor enclosure has been developed that fits 
over the rotor and end- turns of the field windings. The 
enclosure supports the entirety of the windings against 
centrifugal forces. The enclosure may be, for example, a 
single cylindrical sheath or a plurality of rings that 
cover the windings and rotor. 

[0005] In a first embodiment, the invention is a 

method for fitting a rotor enclosure over at least one 
assembly of field windings mounted on a rotor core, said 
method comprising the steps: applying a force to 
elastically reduce a circumference of the at least one 
assembly of field windings mounted on the rotor core, 
where the reduction in circumference is greater than a 
circumference reduction due to just eliminating 
clearances between adjacent end-turns of windings; 
generating a clearance between the field windings and the 
rotor enclosure due to the application of the force; 
axially sliding the rotor enclosure over the at least one 
assembly of field windings while the circumference is 
reduced, and releasing the force to allow the 
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circumference of the at Least one assembly - ^ 
Idings to expand and cause the enclosure to tightly 
on the at least one assembly of field windings. 

rooo61 In another embodiment, the invention is . 

100061 . „i„ralitv of field windings and 

method of assembling a pluralxty or 

metnoa a comprising the 

securing the windings on a rotor cor v 
securrng plurality of field windings m a 

steps of arranging a plurality 

-•.„, hh « winding assembly on the 
„inding assembly,- mounting the wmdig 

rotor core; deforming a cross-sec tio nal_ h^pe ^ 

winding to create ^ ^ fche 

en d-turn.- sliding the releas ing the deformation 

m ounted winding assembly, and 9 DO sitioned 

of the rotor enclosure after the enclosure is posit 

over the winding assembly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

t0007] FIGURE 1 is a cross-sectional diagram of a 

generator having a rotor and stator. 

rooo81 FIGURE 2 is a perspective view of the rotor 

[0008] riW locks field winding 

from the generator, wherein the rotor lacks 

assemblies . 

[00091 FIGURE 3 is an assembly drawing showing a rotor 

assembly incorporating the field winding assembly. 

[0010] FIGURE 4 is a perspective view of a field 

winding and spacer assembly. 
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[0011] FIGURE 5 shows a rotor enclosure being mounted 

onto a rotor core and winding assembly. 

[0 o,2] FIGURE 6 is a cross-sectional diagram showing 

an Llosure with a circular cross-sectional shape and 
fitted over a rotor core-winding assembly. 

[001 3, FIGURE n is a cross-sectional diagram showing 

an enclosure with an out-o£-round cross-sectional shape 
and fitted over a rotor core-winding assembly. 

[00,4] FIGURE 8 is a cross-sectional diagram of a 

^formation tool to deform the cross-seotional shape of 

.= it- i =s slid over the rotor core, 
the rotor enclosure as it is sua ov= 

DETAILED DESCRIPTION OF THE INVENTION 

[00,5, FIGURE 1 is a cross-sectional diagram of an 

LmUry generator 10 having a stator 1, and a rotor 1. 
The rotor is supported on bearings 16 in a generator 
h ousing 13. The stator includes an annular array o 
armature windings (stator coils, 20 that form 
cylindrical cavity around the rotor. 

, . ~ r-otor 14 (without 

,00161 FIGURE 2 is a diagram of a rotor 

m« and a rotor enclosure) having a 
field winding assemblies and a rotor 

,„ ro r core 22 with opposite pole 
generally rectangular rotor core 

surfaces 24 arranged along a Q-axis. The rotor 
includes fins 26 arranged along a D-axis of the cor. 
Th e rotor core 14 is supported by rotor end shafts ,28 
th at are axially (along the center-axis 30, aligned with 
ch e rotor core. The end shafts are supported by bearings 
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16 The end shafts may connect to a drive coupling to a 
power turbine and to an electrical collector. 

[001 7] The rotor core 22 may be formed of an iron 

ZU - fins 26 of the rotor core may be formed in 
any suitable manner, including being integral with the 
ro tor core forging by being machined or forged fro the 
r otor forging, cast with the rotor forging or welded to 
th e rotor forging. Alternatively, the fins 26 may be 
Lhanically secured to the rotor core forging using 
d ovetails or the li.ce. The fins may extend radially 
shorter distance than do the pole surfaces 24. 

,, / , oenerally semi-rectangular 

[0018] The rotor core 22 is general y „ ur£aces 

in cross section and has a pair of opposite 
21 and a pair of opposite arc-shaped surfaces 24. The 
£ins 26 extend upright from the longitudinal center o 
ch e flat surfaces of the rotor core. The arced surfaces 
" of the rotor poles extend to a cylindrical rotational 
envelope 32 define by the rotation of the rotor c o r. 
Th e diameter of the envelope is slightly smaller than he 
diameter of the rotor cavity formed in the stabor 1 . 
The fins may not extend to the envelope 32. There y 
a clearance 68 between the fins and the envelope. This 
clearance assists in mounting a rotor enclosure 42 on 



rotor core. 

[0019] FIGURE 3 is a 



perspective view of a field 
Lnding assembly 33 being mounted on the rotor core 2. 
Th e winding assembly is prefabricated with windings ^ 3 

and spacers 36 before being mounted on the rotor core, 
and spacers cQre 

The winding assembly 33 is aligneo 
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such that a center open aperture 37 of the coil windings 
is above the semi-rectangular rotor core (see pole 
surface 24) and coaxial with the Q-axis of the core. A 
hoist or other mechanical lifting device may be used to 
move the winding assembly over the rotor core. While a 
two-winding assembly arrangement is shown here, other 
embodiments of the winding/rotor assembly may have one, 
or three or more winding assemblies mounted on the rotor. 

[0020] The field windings 3 3 may be formed of copper 

or other highly-conductive material. Each winding 34 may 
have a racetrack shape, but other winding shapes may be 
employed such as a saddle shape. The racetrack windings 
each have a pair of straight long sides 38, and a semi- 
circular end-turn sections 40. The long sides 38 of the 
windings are supported by the spacers 3 6 that engage the 
rotor core. The spacers are distributed along the length 
of each side 38 of the winding array 33. 

[0021] The end- turns 40 of the windings extend 

laterally beyond the rotor core 22 and over a portion of 
the end shaft sections 28. The end-turns 40 are 
contained by a cylindrical composite enclosure 42 
(Fig. 4) that fits over the outer surfaces of the winding 
assemblies and rotor core. 

[0022] The cylindrical rotor enclosure 42 assists in 

supporting the winding assemblies 33 on the rotor core 
22, especially with respect to centrifugal forces. The 
enclosure 42 may be a non-metallic composite material or 
may be metallic. The enclosure provides an outer 
circumferential housing for the field windings 34 and 
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supports the windings with respect to centrifugal forces 
tbat arise during rotation of the rotor. The enclosure 
extends axially beyond the ends of the rotor core so as 
to cover the end-turns 40 of the field windings. The 
reshaped pole surfaces 24 of the rotor core have 
apertures 50 to receive connections, e.g., threaded bolts 
that extend through the enclosure 42 and into the rotor, 
to secure the enclosure to the surface of the rotor core. 

r0 0231 The rotor enclosure fits over non-cylindrical 

rotor cores 'and modular rotor windings that have recently 
been developed. Fitting a cylindrical enclosure over a 
non-cylindrical rotor cores is problematic due to the 
incompatibility of the shapes of the enclosure and rotor 
core, and the need for a tight fit between the enclosure 
and rotor core. In addition, modular winding assembles 
My reguire centrifugal support from the enclosure 
Accordingly, there is a need for a new technigue to mount 
rotor enclosures on rotor cores and over field 

,00^4] A technique has been developed to mount a 

cylindrical rotor enclosure over a non-cylindrical rotor 
core and winding assembly. The rotor enclosure may be 
formed of composite materials that do not substantially 
deform when heated, as do traditional metal retarnrng 
rings. Accordingly, a technigue is needed to deform a 
non-metallic cylindrical enclosure and/or the winding 
assemblies so that the rotor enclosure will fit over the 
rotor core and winding assemblies. 

,00,51 Before the enclosure is slid over the rotor 

core, the enclosure or the end turns of the windrng 
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assemblies ,or both) are deforced to facilitate slrdrng 
the enclosure on the rotor core. The end turns m*y be 
elastically deformed radially inward by wrapping a belt 
70 around the circumference of the assembles of 
windings. ,s the belt tightens, the circumference around 
the assemblies of windings is reduced because U> the 
clearances between the coil windings are reduced until 
th e windings are in contact with each other u the 
spacers deform under the force of the belt, and (m. the 
shape of the rotor core allows the winding assemblies 
be deformed more than do conventional cylindrical rotor 
cores with slots for the windings. The reduction 
circumference of the coil winding assemblies mounted on 
C he rotor is substantially greater that the reduction rn 
circumference achieved by belt tightening of 
conventionally mounted windings on conventional rotors. 

[00261 «hen reduced by a belt 70 (or other force, . the 

circumference of the winding assemblies may be out of 
r ound and. thus, non-circular. For example, the belt 
tightening may cause the end-turns of the wrndrng 
allies to form an overall oval ^ 
T his non-circular cross-sectional shape should not be 
permanent as the winding assemblies (including their 

r Lr enclosure has been installed and the belt removed. 

[00 27] A wrapping force 44 is applied by the belt to 

Z rotor winding reduce the cross sectronal 
circumference of the winding assemblies . The reduction 
in the cross-sectional area of the winding assembles 
exceeds the reduction that could have been achieved by 
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just eliminating the gaps between the end-turns of the 
field winding coils. The reduced circumference of the 
winding assemblies is needed to provide sufficient 
clearance between the winding assemblies and the rotor 
enclosure . 

[0028] The shape of the reduced circumference of the 

winding assemblies and' rotor may be somewhat 
unpredictable. The circumferential shape may vary due to 
the manner in which the spacers deform, how the windings 
are pushed together, and the shape of the rotor core. 
The circumferential shape may be oval or some other out- 
of -round shape. The rotor enclosure must accommodate the 
out-of-round shape of the winding assemblies because the 
enclosure slides over the reduced circumference rotor 
with winding assemblies. 

[0029] The rotor enclosure is generally circular in 

cross-section. If the rotor and winding assemblies have 
an out-of-round cross sectional shape when deformed, then 
sliding the circular cross-sectioned rotor enclosure over 
the rotor will be problematic. If the cross-section of 
the rotor enclosure is deformed to match a deformed cross 
section of the deformed winding assemblies and rotor, 
enclosures should more easily slide over the winding 
assemblies and rotor. 

[0030] Accordingly, a technique has been developed to 

deform the rotor enclosure to match the deformation of 
the cross-section of the winding assemblies and rotor. A 
deformation tool 5 6 may be used to deform the enclosure 
into a cross-sectional shape to match the circumferential 
shape of the winding assemblies. The deformation tool is 
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applied to the enclosure, as the enclosure slides over 
the rotor core. The deformation tool may be used by a 
technician installing the rotor enclosure. As the 
enclosure slides over the rotor core, the enclosure 
deformation may be adjusted to adapt to the cross- 
sectional shape of the rotor core. 

[0031] Once the enclosure is properly positioned over 

the rotor core and field winding assembly, the belt 5 6 is 
removed from the end turns. Similarly, the deformation 
tool is removed from the enclosure and the enclosure 
returns to its normal cylindrical shape, with circular 
cross-section. In its normal shape, the enclosure 
tightly fits around the rotor core and supports the rotor 
field windings against centrifugal forces that occur 
during normal rotor operation. 

[0032] FIGURE 4 is a perspective view of a spacer 3 6 

that has a quarter-disk shape with teeth and slots 
between the teeth. The spacers are distributed along the 
long sides 38 of the windings 34. The slots formed 
between the teeth of the spacers each receive a winding. 

[0033] The spacers may be formed of a metallic 

material or a non-metallic material, such as a composite 
material. The spacers may be ductile so as to flex when 
subjected to a force and then return to its original 
shape when the force is released. This elastic 

deformation of the spacer can be used to cause the entire 
winding assembly to deform radially inward as the rotor 
enclosure slides over the rotor and winding assemblies. 
The winding assemblies return to their original shape 
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wh en the force deforms the — is -leas^ 
Piastic defection of the spacers and hence the entire 

. m Mv is avoided as the rotor enclosure is 
winding assembly is aTolu 

m ounted on the rotor and winding assemblies. 

[0034] FIGURE 5 shows a rotor enclosure 42 being 

Lnted on a rotor 14 with winding assemblies , 3^ 
Xnitially, the cylindrical enclosure 42 is axrally offset 
from the rotor core and aligned with the centerline of 
the 30 of the rotor. The enclosure may or may not 
ftted to the rotor core before the end shafts 2S are 
u „.-„r- core The enclosure is moved 
attached to the rotor core. 

axially along the center line of the rotor by a hoist or 
oth er mechanism to slide the enclosure over the rotor 
c r e A deformation collar 56 fits over the enclosure 
and deforms the cross-sectional shape of the — . o 
better fit over the rotor and winding assembles. I 
addition, a force 44 may be applied radially to the end- 
turns 40 to deflect the end-turn inwards while the 
enclosure slides over the winding assembles. 

[00351 The rotor enclosure 42 may be a single cylinder 

11 covers the windings 34. Alternatively, the 

„ osure 43 may be ■ a series of composite rings .see 

dotted lines that illustrate a series of rrngs on a 

figure of a single piece rotor enclosure, around the 

I and are in a series along the length of the 

windings, and are in 

windings. The enclosure rings may be a 

ri „gs that fit around the rotor core and long Sid s 3 o 
the winding. Wider rings may fit over the end turns 40 
"the windings. The rings may be forced of a compos e 
serial that may or may not include metallic materials. 
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A cylindrical metallic shield 64 may be wrapped around 
the enclosure, winding assemblies and rotor core. 

■0036] FIGURE 6 is a cross-sectional diagram showing 

^enclosure 42 with a circular cross-sectional shape and 

fitted over a pair of rotor core-winding assembles 33^ 

L rotor enclosure 42 fits tightly around the winding 

Z- and thus provides support to the windings 
assembles and, P tighc 

with respect to centrifugal forces. 

fit the enclosure does not easily slide over the 
^dings when the enclosure is being ritted over the 
winding assemblies and rotor core. 

[0 037, FIGURE 7 is a cross-sectional diagram showing 

Z enclosure 42 with an out-of-round cross -sec tiona 
sha pe and fitted over a rotor core-winding assembly. The 
^formation 47 to the enclosure may be applied by a 
«.„„! The rotor enclosure 42 has been 

deformation tool. me c> ,= ne 
* a S o as to have an oval cross-sectxonal shape, 
deformed so as to n<* 

3 v,^ fits over the end-turn sections 40 of tne 
The oval shape fxts ove deforma tion of 

opposite winding assemblies 33. Thus, t 
le rotor enclosure facilitates the slxdxng of 
endoi::: over the en* turns of the winding assembles 
and over the rotor core. 

rloarance 68 between the rotor 
rnmai There is a clearance oo 

Insure 42 .before it is mounted on the roto r, an - 
fins 26 of the rotor. This clearance 68 in 

see Rig- 2 > Militates sliding the enclosure over the 
12* m particular, the enclosure 42 and/or the end- 
rotor. in v enclosure slides 

windings 40 are deformed so that the eno 
ever the rotor. The clearance 68 between the rotor 
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en closure along the D-axis allows the enclosure to be 
deformed along the .-axis. The deformation hows out th 
enclosure along the O-axis to form a 
all ows the enclosure to slide over the rotor poles 24. 

nation to (or alternatively) the end- 
rnfttQl In addition to 

SL- 40 may he defected radially inward to reduce 
ch e cross-sectional width of the * ^ 

a ,H S The deformation of the encxo 

Tlection or the winding should provide suffrcre t 
trance to allow the enclosure eo sir 

0nce t he enclosure r ^^J^ _ ^ are 

nr/so n ::: ^ - - ~ - — 

in the Q-direction with the enclosure. 

t0040 , The modular windings 34 are mounted to the 

Tol to allow radial delation of the windings, at 
Teast at the end-turns 40 of the ^ 
elasticity of the windings and the overhang of the 

allows for deformation of the winding end-turns 
Tie the rotor enclosure slides onto the rotor. The 
:rally inward elastic deformation of the end t_ can 

applied to one ^-^ f . r . es Q n 

tuLs The force 44 may be applied as opposrng forces o 

t. sides of the windings. Similarly, the wrndrng 
cpposrte s.des of ^ wich 

deformation can be achrevea oy v ^fleets 
. belt 70 to apply a circumferential force that deflects 

the end turns radially inward. 
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[0041] The deformation of the windings assists rn 

providing a clearance 66 to reduce the circumference 
shape of the windings while the rotor enclosure slides 
ever the rotor. This radial clearance 66 between the 
windings and rotor enclosure is formed by the application 
of a mechanical force to the windings and/or the rotor 
enclosure. The clearance 66 is achieved without thermal 
expansion of the enclosure. 

[00421 FIGURE 8 is a oross-sectional diagram of a 

deformation collar tool 56 to deform the cross-sectional 
S hape of the rotor enclosure 42 as it is slid over the 
rotor core. The deformation collar has posts 58 arranged 
around its periphery. These posts may be screwed inward 
against the cylindrical enclosure and deform the 
enclosure to an out-of -round shape. A technician may 
manually screw the posts against the enclosure or the 
m ovement of the posts may be automated. Each screw post 
58 applies a force to a point on the circumference of the 
rotor enclosure. This force deforms the cross-sect.onal 
shape of the enclosure. 

[0043] By selective adjustment of the posts 58 around 

the circumference of the deformation tool 56. the forces 
applied by all of the posts can deform 60 the cross- 
sectional shape of the enclosure to fit over the end 
windings and rotor core. The technician may determxne 

the optimal out-of-round shape for the enclosure or a 
™i for the generator may show the best out-of-round 

sh ape for the enclosure. The out-of-round shape is 

selected so that the enclosure may more easily slide over 

the end-turns of the winding assembly. 



14 



RD-28288 



,00441 The deformed rotor enclosure 42 with the 

^formation too! SS mounted thereon are axially ***** 
wit h an end or the rotor. A hoist may support he 
Closure and deformation tool as both are slrd axrally 
over the end turns of the winding mounted on the rotor 
core If necessary, the deformation tool may be adjusted 
to vary the deformation of the enclosure as it slrdes 
Lr 1 end turns and thereafter the end of the rotor 
core Th e deformation tool is removed from the rotor 
enclosure by loosening the screw posts 58 after the 
enclosure has been properly positioned on the wrndrng 
assemblies and rotor core. If the rotor 
series of rings, then the deformation tool rs applred to 
eLh rin g in seance as the rin g is to be slid onto the 
winding assemblies and rotor core. 

v,s« been described in 
ro0 451 While the invention has been 

is oresently considered to be the 
connection wrth what rs present y 

mos t practical and preferred pediments rt to b 

understood that the invention is not to be Irmrte d t the 
dis closed embodiments, but on the contrary, rs rntended 
co cover various modifications and egurvalen 
arrangements included within the spirit and scope of 
appended claims. 
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